Abstract. The aim of the present study was to identify differentially expressed B-cell-associated genes in peripheral blood mononuclear cells and investigate the gene expression characteristics of the different stages of B-cell activation. A total of 20 patients with pulmonary embolisms (PE) and 20 age-and gender-matched controls were enrolled in the present study. Human complementary DNA microarray analysis was used in order to detect the differential expression of B-cell-associated genes between the PE and control groups. Messenger (m)RNA expression was detected for 82 genes involved in B-cell activation. The results showed that PE patients exhibited significantly increased expression levels of the B-cell receptor genes LYN, CD22, SYK, BTK, PTPRC and NFAM1, whereas expression levels of FYN, FCRL4 and LAX1 were significantly decreased compared to those of the control group. Expression levels of T-cell-dependent B-cell-activation genes, including EMR2, TNFSF9, CD86, ICOSLG, CD37 and CD97, were significantly upregulated in PE patients, whereas SPN mRNA expression was significantly downregulated compared with those of the control group. LILRA1 and TLR9 T cell-independent B-cell activation mRNAs were significantly upregulated in PE patients compared with those of the control group. In addition, the expression levels of B-cell-activation regulator genes, including CR1, LILRB4 and VAV1, were significantly increased, whereas SLAMF7 expression levels were significantly decreased in PE patients compared with those of the control group. Furthermore, the expression levels of B-cell-activation-associated cytokine genes demonstrated a significant upregulation of LTA and IL10 and downregulation of L1A, IFNA5, IFNA6, IFNA8, IFNA14, IL2, IL13 and IFNG in PE patients compared to those of the control group. In conclusion, the differential gene expression at different stages of B-cell activation between healthy controls and PE patients indicated that B-cell function was reduced or disorganized in patients with symptomatic PE.
Introduction
Venous thromboembolism (VTE) is a disease which consists of deep vein thrombosis (DVT) and pulmonary thromboembolism (PTE) (1) . Pulmonary embolism (PE), which can be subdivided into acute pulmonary embolisms (APE) and chronic thromboembolic pulmonary hypertension (CTEPH), is a global health problem with high incidence, mortality and misdiagnosis rates (2) . The risk factors for VTE include environmental and hereditary influences; however, environmental factors are more commonly linked to the disease (3). Nine editions of guidelines for the prevention, diagnosis and treatment of VTE in surgical patients have been published by The American College of Chest Physicians since 1995 (4,5); however, the incidence rate of symptomatic VTE has not been reduced (6) . One possible explanation for this may be that the pathogenesis of VTE has not yet been fully elucidated.
Smeeth et al (7) reported an association between acute infections and the increased risk of VTE. Another study reported that VTEs were identified in multiple organ samples, including the lungs, spleen, pancreas, kidneys and adrenal glands of patients that succumbed to severe acute respiratory syndrome (8) . In addition, a previous study demonstrated that messenger (m)RNA expression of genes associated with natural killer (NK) and T cells were significantly downregulated in patients with symptomatic PE (9) , and cellular immune function was decreased in patients with acute PE and CTEPH (10, 11) . These studies indicated that the occurrence and progress of symptomatic PE were closely associated with the innate and adaptive immune system.
The innate and adaptive immune system influence and interact with each other. T and B cells, as key components of the adaptive immune system, co-operate in order to form the immune response to non-self antigens (12) . A previous study reported that mRNA expression of CD19 was downregulated in patients with symptomatic VTE (13) . The present study aimed to investigate the expression of a wide range of B-cell-associated genes involved in B-cell activation using human complementary (c)DNA microarray analysis in order to identify differential gene expression at different stages of B-cell activation between PE patients and healthy controls. Total RNA isolation. EDTA-anti-coagulated peripheral fasted blood samples (5 ml) were drawn from PE patients and healthy volunteers immediately following admittance to the hospital. Mononuclear cells were obtained from the samples using density gradient centrifugation at 7,000 x g for 30 min with Ficoll solution (Agilent Technologies) and the remaining red blood cells were ablated using erythrocyte lysis buffer (Qiagen, Limburg, Netherlands). Total RNA was extracted from mononuclear cells using TRIzol ® reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) and then purified using a Qiagen RNeasy column (Qiagen) according to the manufacturer's instructions. Isolated total RNA was evaluated and quantified using a Nanodrop ND-1000 spectrophotometer (Nanodrop Technology, Inc., Wilmington, DE, USA).
Expression of B-cell
Detection of gene expression. Reverse transcription of ~1 µg total RNA was performed using an Agilent Low RNA Input Linear Amplification kit (Agilent Technologies) in order to produce double-stranded cDNA. Following purification, an Agilent Low RNA Input Linear Amplification kit (Agilent Technologies) was used to perform in vitro amplification and modified α-D-glucose-1-phosphate uridylyltransferase [UTP; aaUTP, 5-(3-aminoallyl)-UTP; Agilent Technologies] was used to replace UTP. The integrated aaUTP interacted with cyanine-3-N-hydroxysuccinimide ester (Agilent Technologies) forming fluorescent products, which were then used for hybridization. The integration rate of fluorescence was determined using a NanodropND-1000 spectrophotometer. The hybridization mixture was then prepared using an Agilent Oligonucleotide Microarray in situ Hybridization Plus kit (Agilent Technologies). Fluorescent products (~750 ng) were fragmented at 60˚C and hybridization was conducted using Human Whole-Genome 60-mer oligo-chips (G4112F; Agilent Technologies) at 60˚C for 17 h at 600 x g. Following hybridization, the chips were washed with Agilent Gene Expression Wash-Buffer (Agilent Technologies) according to manufacturer's instructions. The original signals were then obtained using an Agilent scanner (G2655AA; Agilent Technologies) and Feature Extraction software (GeenSpring GX; Agilent Technologies). The standardization of original signals was performed using the robust multiarray averaging method; standardized signal values were then used for the screening of differentially expressed genes.
Quantitative polymerase chain reaction (qPCR).
Three genes were selected at random from the genes with differential expressions between the two groups, and then subjected to qPCR. Relative gene expression levels were normalized to that of GAPDH ). Differences in gene expression between the two groups were analyzed using a standardized melting curve and the 2 -ΔΔCt method. Results from qPCR were found to be consistent with microarray analysis.
Statistical analysis. Statistical tests were performed using SPSS 17.0 software (International Business Machines, Armonk, NY, USA). Values are presented as the mean ± standard deviation. Independent-Samples t-tests were used to compare mRNA levels in samples from patients with symptomatic PE and controls. Prior to t-testing, tests for equality of variances were performed in order to test the homogeneity of variance between two independent samples, if variances were not equal, the results of t-tests would be corrected accordingly. P<0.05 was considered to indicate a statistically significant difference between values.
Results

Expression of B-cell receptor-associated B-cell activation genes.
A total of 22 B cell receptor-associated B-cell activation genes were detected in the peripheral blood mononuclear cells (PBMCs) of patients with PE and the control group (Table I and Fig. 1) . The results showed that gene expression levels of LYN, CD22, SYK, BTK, PTPRC and NFAM1 were significantly upregulated in PE patients compared to those of the control group (P<0.05). However, expression levels of FYN, FCRL4 and LAX1 were significantly lower in PBMCs from PE patients compared to those in the control group (P<0.05).
Expression of genes associated with T cell-dependent B-cell activation.
A total of 22 genes associated with T cell-dependent B-cell activation were detected in the PBMCs of PE patients and healthy volunteers (Table II and Fig. 2) . In PE patients, the mRNA expression of EMR2, TNFSF9, CD86, ICOSLG, CD37 and CD97 were significantly increased compared to those of the healthy volunteers (P<0.05), whereas SPN (CD43) mRNA was significantly decreased (P<0.05).
Expression of genes associated with T cell-independent B-cell activation.
The results showed that mRNA expressions of seven genes associated with T cell-independent B-cell activation in PBMCs were detected in the PBMCs of the PE and control groups (Table III and Fig. 3 ). mRNA expression levels of LILRA1 and TLR9 were found to be significantly upregulated in PE patients compared with those of the control group (P<0.05).
Expression of B-cell activation regulatory genes.
Ten genes involved in the regulation of B-cell activation were identified in the PBMCs of the PE and control groups (Table IV and Fig. 4 ). The expression levels of genes, including CR1, LILRB4 and VAV1, were significantly increased in PE patients compared to those of the heathy controls (P<0.05), whereas expression levels of SLAMF7 were significantly decreased in PE patients (P<0.05).
Expression levels of B-cell activation-associated cytokine mRNAs.
A total of 22 genes of cytokines involved in B-cell activation were detected in the PBMCs of PE patients and healthy controls (Table V and Fig. 5 ). mRNA expression levels of cytokines, including LTA and IL10, were significantly upregulated in PE patients compared to those in the control group (P<0.05), whereas the expressions levels of IL1A, IFNA5, IFNA6, IFNA8, IFNA14, IL2, IL13 and IFNG were significantly decreased in the PBMCs of PE patients (P<0.05).
Discussion
A previous study demonstrated that mRNA expression levels of genes associated with NK and T cells were downregulated in PE patients (9) ; in addition, NK-cell and T-cell function as well as mRNA expression of CD19 were reported to be markedly decreased in VTE patients (10, 11, 13) . The present study identified the differential gene expression at different stages of B-cell activation in patients with symptomatic PE. B-cell activation requires two signals, of which the first is dependent on antigen binding to the B-cell antigen receptor. If the antigen is thymus-dependent, the second signal is initiated following interactions between T cell and B cell; however, thymus-independent antigens activate the second signal autonomously (14) .
The results of the present study showed that the mRNA expression of genes associated with B-cell receptor-mediated B-cell activation, including LYN, CD22, SYK, BTK, PTPRC and NFAM1, were significantly upregulated in PE patients compared with the control group. LYN mediates positive as well as negative roles in B-cell activation (15) and CD22 is an inhibitory co-receptor, which negatively regulates B-cell receptor signaling (16) . B-cell activation is initiated by SYK-dependent and -independent signaling cascades (17) . In addition, BTK is involved in the regulation of actin dynamics required for antigen processing and presentation in B cells (18) . Furthermore, PTPRC-deficient B cells were reported to exhibit impaired proliferation in vitro (19) and the overexpression of NFAM1 resulted in severe impairment of early B-cell development (20) .
However, in the present study, the mRNA expression levels of FYN, FCRL4 and LAX1 genes associated with B-cell receptor-mediated B-cell activation were significantly downregulated in PE patients compared with those of the control group. A previous study using FYN-deficient mice demonstrated that FYN had a key role in B-cell activation (21) . FCRL4 was found to inhibit B cell receptor signaling in response to chronic antigenic stimulation (22) and LAX was reported to be a negative regulator of B-cell activation, as LAX-deficient B cells were found to be hyper-responsive to B-cell receptor stimulation (23) .
These studies indicated that the differential expression of genes associated with B-cell receptor-mediated B-cell activation in PE patients and the control group in the present study may have positively or negatively regulated B-cell activation.
In the present study, the mRNA expression levels of EMR2, TNFSF9, CD86, ICOSLG, CD37 and CD97 genes associated with T cell-dependent B-cell activation were significantly upregulated in PE patients compared with those of the control group. CD97, EMR2 and CD86 were previously reported to have important roles in the interaction of T cells with B cells (24, 25) and the interaction of TNFSF9 and its receptor were shown to positively regulate the humoral immune response (26) . The ICOSLG gene encodes the ligand for the inducible co-stimulator receptor, which was reported to have an essential role in T cell-dependent B-cell responses (27) . In addition, one study demonstrated that interactions between T cells and B cells were significantly impaired in CD37-deficient mice (28) .
The present study also demonstrated that expression of the T cell-dependent B-cell activation gene SPN was significantly downregulated in PE patients compared with that of the control group; SPN downregulation has previously been reported to enhance interactions between T cells and B cells (29) . These studies therefore indicated that in the present study, the differential gene expression of genes involved in T cell-dependent B-cell activation may enhance interactions between T cells and B cells in patients with symptomatic PE compared to those in the healthy controls.
In the present study, seven genes associated with T cell-independent B-cell activation were detected, of which LILRA1 and TLR9 were found to be significantly upregulated in the PBMCs of PE patients compared with those of the control group. A previous study detected LILRA1 mRNA in B cells (30) , which was reported to activate cells through associating with the Fc receptor gamma chain (31); in addition, TLR9 agonists were reported to be involved in the activation of human B cells (32) . This therefore indicated that T cell-independent B-cell activation was enhanced in PE patients in the present study.
Increased gene expression of B-cell activation regulators, including CR1, LILRB4 and VAV1, was observed in PE patients compared to that of the control group in the present study. CR1 inhibits B-cell receptor-mediated B-cell activation (33) and LILRB4 negatively regulates the activation of antigen-presenting cells (34) ; in addition, VAV1-deficient mice were reported to have activation defects in B cells (35) . In the present study, mRNA expression of the B-cell activation regulator SLAMF7 was found to be significantly downregulated in PE patients compared to that of the control group. A previous study showed that SLAMF7 increased the proliferation of B cells and autocrine cytokine expression on B cells (36) . These previous studies therefore indicated that in the present study, B-cell activation was inhibited in patients with symptomatic PE.
The results of the present study also demonstrated differential gene expression of B-cell activation-associated cytokines. mRNA expression levels of LTA and IL10 were significantly increased in the PBMCs of PE patients compared to those of the healthy controls, whereas expression levels of L1A, IFNA5, IFNA6, IFNA8, IFNA14, IL2, IL13 and IFNG were found to be significantly decreased in PE patients.
In addition to producing antibodies against antigens, B cells also produce cytokines. IL13 is expressed in activated T cells and has been shown to promote B-cell proliferation as well as the synthesis of Immunoglobulin E (37); furthermore, IFNA/B was reported to induce partial B-cell activation (38) . However, IFNG inhibited B-cell differentiation (39) . This therefore indicated that the downregulation of cytokine genes impaired B-cell function in PE patients enrolled in the present study.
In conclusion, the present study demonstrated that patients with symptomatic PE exhibited downregulation of genes associated with the B-cell receptor and differential expression of B-cell activation-regulator genes, indicating that B-cell function was inhibited. In addition, the differential expression of genes associated to T cell-dependent B-cell activation suggested that interactions between T cells and B cells were enhanced in PE patients, whereas the upregulation of genes associated with T cell-independent B-cell activation indicated an increase in T cell-indepenent B-cell activation. Furthermore, the downregulation of B-cell activation-associated cytokines in PE patients indicated that cytokine production by B cells was significantly reduced. These results therefore demonstrated reduced or disorganized B-cell function in patients with symptomatic PE, which is consistent with the cytological results of a previous study (13) .
